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Abstract
We study the recently found anomalies in B-meson decays within a scenario with a warped extra dimension where
the Standard Model (SM) fermions are propagating in the bulk. The anomalies are then interpreted as the result of the
exchange of heavy vector resonances with electroweak (EW) quantum numbers. The model naturally leads to lepton-
flavor universality (LFU) violation when different flavor fermions are differently localized along the extra dimension,
signaling a different degree of compositeness in the dual holographic theory.
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1. Introduction
Recent results found by the LHCb collaboration in
B-meson decays seem to point towards the existence
of new physics (NP) beyond the Standard Model (SM).
This collaboration has determined the ratio for B(B¯ →
K¯(∗)``) with (` = e, µ), for muons over electrons, yield-
ing a deviation of ∼ 2.6σ with respect to the SM pre-
diction [1]. Similar anomalies have been found by the
Babar, Belle and LHCb collaborations in the decay B¯→
D(∗)`−ν¯`, leading to a combined deviation of ∼ 4σ [2–
4]. These phenomena suggest LFU violation in the pro-
cesses b → s`` (` = e, µ) and b → c`ν¯` (` = e, µ, τ),
respectively.
One may ask what are the natural theories whose di-
rect detection is hidden from the actual experiments,
but that can accommodate possible explanations of ex-
isting anomalies. These theories should solve, at the
same time, some theoretical issues of the SM of particle
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physics, like the Higgs Hierarchy Problem. There are
two main ultraviolet (UV) completions of the SM which
can solve this problem: i) supersymmetry, and ii) extra
dimensions. In this work we are focusing on the lat-
ter set of theories, one of the most popular realizations
being the Randall-Sundrum (RS) model [5], character-
ized by a warped extra dimension, by which the Planck
scale is warped down to the TeV scale. Simple modi-
fications of the RS set-up with a strong deformation of
the AdS metric towards the infrared (IR) have been pro-
posed, which allow to keep under control the corrections
to the EW precision parameters [6–9]. These models
also allow the possibility that the SM is part of a nearly-
conformal sector [10, 11]. In this work we will study
the LFU violation, and try to accommodate the recent
data on flavor anomalies, within this scenario.
2. Benchmark model
We consider a scenario analogous to the usual RS set-
up [5]. Theories with a warped geometry are character-
ized by a 5D metric ds2 = e−2A(y)ηµνdxµdxν+dy2, where
y is the extra dimension, and two branes located at the
UV (y = 0) and IR (y = y1). The action of the model
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corresponds to a dilaton-gravity system
S φ = M3
∫
d4xdy
√−g
(
R − 1
2
(∂Mφ)2 − V(φ)
)
−M3
∑
α
∫
d4xdy
√−g2Vα(φ)δ(y − yα) , (1)
where Vα (α = 0, 1) are the UV and IR 4D brane po-
tentials at (y(φ0), y(φ1)) respectively, and M is the 5D
Planck scale. The brane dynamics should fix (φ0, φ1) to
get A(φ1) − A(φ0) ≈ 35 in order to solve the Hierar-
chy Problem, as this implies MPlanck ' 1015MKK. This
theory is characterized by the superpotential
W(φ) = 6k
(
1 + eaφ
)b
, (2)
where a and b are real parameters, and k is related
to the curvature along the extra dimension. The rela-
tion between the scalar potential and the superpoten-
tial is V(φ) = 12 [W
′(φ)]2 − 13 W(φ)2. In the follow-
ing we will consider a = 0.15 and b = 2, see e.g.
Refs. [12, 13], and MKK = 2 TeV. With this choice
we have k ' 1.6 × 1017 GeV, L−11 ' 1.48 × 1018 GeV
(where L1 is the curvature radius at the IR location) and
M ' 1.84 × 1018 GeV, such that ML1 ' 1.24 which
guarantees perturbativity in the 5D gravitational theory.
2.1. Gauge bosons
In order to introduce the EW sector in the theory, the
model can be extended with gauge bosons. The action
of the model is then S = S φ + S 5 with [7]
S 5 =
∫
d4xdy
√−g
(
−1
4
~W2MN −
1
4
B2MN − |DMH|2 − V(H)
)
,
(3)
where we have defined the 5D SU(2)L × U(1)Y gauge
bosons W iM(x, y), BM(x, y) with i = 1, 2, 3 and M =
(µ, 5), and the Higgs field H(x, y). Then EW symme-
try breaking is triggered on the IR brane.
The gauge fields can be decomposed in KK modes
as Xµ(x, y) =
∑
n Xnµ(x) · f (n)X (y)/
√
y1, where f
(n)
X is the
wave function of the n-KK mode in the extra dimension.
Each mode satisfies a Schro¨dinger-like equation with a
mass m(n)X . In this kind of scenarios, m
(1)
X and the EW
scale v are linked by m(1)X . 4piv, so that the mass of the
first KK mode must not exceed a few TeV to avoid the
so-called Little Hierarchy Problem between both scales.
In the following we will consider m(1)Z ' m(1)W = MKK.
2.2. Fermions
The model can be extended with fermions fL,R
(quarks and leptons) which propagate in the bulk of the
extra dimension. Then the SM fermions correspond to
the zero mode wave functions
fL,R(x, y) =
e(2−cL,R)A(y)(∫
dy eA(1−2cL,R)
)1/2 fL,R(x) , (4)
which are characterized by constants c fL,R associated to
a 5D Dirac mass: L5 = M fL,R (y)Ψ¯Ψ with M fL,R (y) =
∓c fL,R W(φ(y)). The location of the zero modes depends
on the value of c fL,R , so that when c fL,R < 0.5 (c fL,R > 0.5)
fermions are localized towards the IR (UV) brane, and
they can be interpreted as partly composite (almost ele-
mentary) in the dual theory. Then the Yukawa interac-
tions with the Higgs are induced by the Lagrangian
LY = Yˆui jHQ¯iLu jR + Yˆdi jHQ¯iLd jR + Yˆei jH ¯`iLe jR , (5)
with i, j = 1, 2, 3 labeling the generations of fermions,
and Yˆu,d,ei j being the 5D Yukawa couplings.
A key ingredient of the model that will explain the
anomalies, is the interaction of the KK modes of gauge
bosons (X = Z, γ) with leptons. This interaction reads
g SMfL,R ·G(n)f (c fL,R ) · Xnµ(x) f¯L,R(x)γµ fL,R(x) , (6)
with f = e, µ, τ, and G(n)f defined as
G(n)f =
√
y1
∫
e−3A f (n)X (y) f
2(y)√∫
[ f (n)X (y)]
2
∫
e−3A f 2(y)
, (7)
where f (y) is the profile of the corresponding fermion
zero-mode, as given by Eq. (4). As one can see in Fig. 1,
fermions localized towards the IR (UV) brane interact
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Figure 1: Coupling (normalized with respect to the 4D coupling) of a
fermion zero-mode with the n = 1 KK gauge field, Xnµ , as a function of
the fermion localization parameter c.
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strongly (weakly) with KK modes. As we will see be-
low, LFU violation will be generated by a different de-
gree of compositeness for different lepton flavors, i.e.
different values of the parameters c`L,R (` = e, µ, τ).
2.3. Electroweak observables
One of the most constraining observables is the Z
boson coupling to SM fermions fL,R. This coupling is
modified by two effects: i) contribution of vector KK
modes, and ii) contribution from the fermion KK exci-
tations. These effects are induced by the diagrams of
Fig. 2. When computing δg fL,R for f = e, µ, τ and b, we
〈h〉fL,R
fL,R
fL,R
fL,R
ZµZ
n
µ
〈h〉
〈h〉
Zµ
fnR,L
fnR,L
〈h〉
Figure 2: Diagrams contributing to δg fL,R/g fL,R .
get that the experimental bound |δg fL,R/g fL,R | . 10−3 [14]
implies the mild constraint c fL & −0.5. In addition, one
can see from Fig. 1 that the coupling of EW and strong
KK gauge bosons to a fermion f with c f = 0.5 vanishes.
Therefore if we assume c f ' 0.5 for the first generation
quarks ( f = u, d), it follows that Drell-Yan production
of gauge bosons from light quarks is greatly suppressed.
3. The B anomalies
Flavor observables provide excellent probes for be-
yond SM physics. In particular B-meson decays due to
the transitions b → s`+`− and b → cτν¯ can be tested
with a high accuracy at the LHCb, BaBar and Belle,
leading recently to a significant deviation with respect
to the SM predictions. In this section we will check if
the explanation of this effect within the model presented
above is consistent with all EW and flavor observables.
3.1. The B¯→ K¯(∗)µ+µ− anomaly
LHCb measurements of branching ratios B(B¯ →
K¯``), ` = e, µ lead to [1]
RK ≡ Rµ/eK =
B(B¯→ K¯µµ)
B(B¯→ K¯ee) = 0.745
+0.090
−0.074 ± 0.036 , (8)
which implies a deviation of ∼ 2.6σ with respect to the
SM prediction R SMK = 1.0003(1) [15]. A similar re-
sult has been found recently for the ratio R∗K ≡ B(B¯ →
K¯∗µµ)/B(B¯ → K¯∗ee) [16]. These anomalies can be in-
terpreted in terms of ∆F = 1 operators
Le f f = GFα√
2 pi
V∗tsVtb
∑
i
Ci Oi , (9)
where the sum includes the semileptonic operators
O(′)`9 = (s¯L(R)γµbL(R))( ¯`γµ`) ,
O(′)`10 = (s¯L(R)γµbL(R))( ¯`γµγ5`) , (10)
and Wilson coefficients Ci = C SMi + ∆Ci. Global fits
to ∆C(′)µ9,10 have been performed in the literature by us-
ing a set of observables concerning the b → s`` decay.
From the recent fit of Refs. [17, 18], we get the 2σ in-
terval ∆Cµ9 ∈ [−0.99,−0.38], where we have considered
the approximate relation ∆Cµ9 ' −∆Cµ10 which naturally
appears in our model.
Within the model presented in Sec. 2, contact interac-
tions can be obtained by the exchange of KK modes of
the Z boson and the photon as shown in Fig. 3, leading
b
d, u
s
µ−
µ+
Z
(n)
µ , γ
(n)
µ
B K(∗)
Figure 3: Diagram contributing to the RK(∗) anomalies.
to the NP contributions to the Wilson coefficients
∆C(′)`9 =−(1 − r)
∑
X=Z,γ
∑
n
2pig2gXn
`V
(
gXnbL(R) − g
Xn
qL(R)
)
√
2GFαc2W M
2
n
, (11)
∆C(′)`10 = (1 − r)
∑
X=Z,γ
∑
n
2pig2gXn
`A
(
gXnbL(R) − g
Xn
qL(R)
)
√
2GFαc2W M
2
n
, (12)
with the couplings gZnf (c f ) = (T3 f − Q f s2W )gG(n)f (c f ),
gγnf (c f ) = Q f sWcWgG
(n)
f (c f ), and sW ≡ sin θW , cW ≡
cos θW . The unitary matrices VuL,R and VdL,R diagonal-
ize the mass matrices for u and d-type quarks. Their
matrix elements, unlike those of the physical CKM
matrix V ≡ V†uL VdL , are not measured experimen-
tally. Given the hierarchical structure of the quark
mass spectrum and mixing angles, in the following
we will consider a Wolfenstein-like parametrization
for the VuL,R and VdL,R matrices. Then the current
(bγµs) comes from the entry
(
V†dG
(n)
d Vd
)
32
with G(n)d =
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Figure 4: Region in the (cbL , cµL ) plane that accommodates the 2σ region ∆C
µ
9 ∈ [−0.99,−0.38] for r = 0.75 (left panel) and r = 2.3 (right panel).
diag(G(n)d (cd),G
(n)
s (cs),G
(n)
b (cb)). We have defined the
parameter r = (V∗uL )32(VdL )33/Vcb. The region allowed
by the global fits to the ∆C(′)µ9 Wilson coefficients is
qualitatively different for r < 1 and r > 1 cases. We
show both cases in Fig. 4 where the left (right) panel
is for r = 0.75 [13] (r = 2.3 [19]) and we have fixed
ceL = 0.5. In both plots the white region in the plane
(cbL , cµL ) is allowed by data at the 95% CL. As we can
see from these plots bL is composite for both cases while
µL is composite (elementary) for the r < 1 (r > 1) case.
A similar analysis can be done for the rare flavor-
changing neutral current decay Bs → µ+µ−, which
has been recently observed by the LHCb Collaboration
with a branching fraction B(Bs → µ+µ−) = (2.8+0.7−0.6) ×
10−9 [20]. This measurement is quite consistent with
the SM prediction B(Bs → µ+µ−) SM = (3.66 ± 0.23) ×
10−9 [21]. The ratio R0 = B(Bs → µ+µ−)/B(Bs →
µ+µ−) SM = 0.765+0.197−0.171 leads at 1σ to an allowed region
consistent with the one provided by RK(∗) .
3.2. The RD(∗) anomaly
The B-meson decays due to the transition b → c`−ν¯`
are being tested as well at b-factories and at the LHC,
as they can be affected also by LFU violation. In par-
ticular the charged current decays B¯ → D(∗)`−ν¯` have
been studied by the BaBar [2], LHCb [3] and Belle [4]
collaborations. They measure the ratio
RD(∗) ≡ Rτ/`D(∗) =
B(B¯→ D(∗)τ−ν¯τ)
B(B¯→ D(∗)`−ν¯`) (` = µ or e) , (13)
with the experimental result RexpD = 0.403 ± 0.047,
RexpD∗ = 0.310 ± 0.017, and a correlation ρ = −0.23 [22].
This result differs from the SM calculation R SMD =
0.300 ± 0.011, R SMD∗ = 0.254 ± 0.004 by a deviation
of ∼ 4σ. Within the model of Sec. 2, the SM depar-
ture for RD(∗) is generated by the diagram of Fig. 5. In
b
d, u
c
τ
ν¯τ
W
(n)
µ
B D(∗)
Figure 5: Diagram contributing to the RD(∗) anomalies.
terms of the Wilson coefficients Cτ, µ =
∑
n(m2W/m
2
W (n) ) ·[
G(n)qL + r(G
(n)
bL
−G(n)qL )
]
G(n)τL, µL , it reads RD(∗) (C
τ,Cµ) =
2R SMD(∗) |1 + Cτ|2 /(1 + |1 + Cµ|2). The regions allowed by
RD(∗) data are displayed in Fig. 6 for r = 0.75 [13] (left
panel) and r = 2.3 [19] (right panel). We find that in
both cases bL and τL fermions are localized towards the
IR and thus show an important degree of compositeness
although they are more composite for the case r < 1.
4. Constraints
The main constraints are those from the experimental
value of the coupling gZτL and LFU tests, as e.g. τ→ µνν¯
vs. µ→ eνν¯, as well as constraints from flavor physics.
4.1. The coupling Zττ¯
The SM value of gZτL receives tree-level corrections
from KK modes of gauge bosons and fermions and lead-
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Figure 6: Region in the (cbL , cτL ) plane that accommodates the 2σ region of (RD,RD∗ ) observables for r = 0.75 (left panel) and r = 2.3 (right
panel). We have considered cµL = 0.44 (left panel) and cµL = 0.60 (right panel).
ing loop corrections proportional to Y2t as [23]
∆gZ`L '
v2
M2n
1
16pi2
(
3Y2t C
t`
n log
Mn
mt
+ O(g4)
)
,
Le f f = C
t`
n
M2n
(t¯LγµtL)(`Lγµ`L) + . . . , (14)
while gZτL = −0.26930(58) [24], and Yt is the 4D top
Yukawa coupling.
4.2. Lepton universality tests
The value of RD(∗) has also to agree with flavor uni-
versality tests in τ→ µνν¯ decays which are encoded in
Rτ/`τ =
B(τ→ `νν¯)/B(τ→ `νν¯)SM
B(µ→ eνν¯)/B(µ→ eνν¯)SM , (15)
with 95% CL constraint Rτ/µτ ∈ [0.996, 1.008] [23, 25].
4.3. Flavor observables
New physics contributions to ∆F = 2 processes come
from the exchange of KK gluon modes. After integrat-
ing out the massive KK gluons, this gives rise to the
following dimension six operator [12, 13]
L∆F=2 =
∑
n
cLR(n)di j
M2n
(diRd jL)(diLd jR) , (16)
where
cLR(n)di j = g
2
s
∏
χ=L,R
[
(V∗dχ )3i(Vdχ )3 j
] (
G(n)bχ −G(n)qχ
)
, (17)
and similar expressions for operators LL and RR, and
for up quarks. The strongest current bounds for d-
type quarks come from the operators (sL,RγµdL,R)2 and
(sRdL)(sLdR), which contribute to the observables ∆mK
and K , while for u-type quarks they come from the op-
erators (cL,RγµuL,R)2 and (cRuL)(cLuR), contributing to
the observables ∆mD and φD [26].
4.4. Combined results
The previous constraints put very strong bounds on
the available values of the parameters in the plane
(cbL , cτL ) as we show in Fig. 7, where the blue region
is forbidden by RD(∗) , the red region is forbidden by
0.14 0.15 0.16 0.17 0.18 0.19
0.310
0.315
0.320
0.325
0.330
0.335
cbL
c τ L
Figure 7: Region in the (cbL , cµL ) plane that accommodates all exper-
imental constraints for r = 2.3.
Rτ/µτ and the green region is forbidden by the flavor con-
straints. The region excluded by gZτL is outside the range
of the plot.
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5. Conclusions
We have studied the compatibility of LFU violation
data measured by the LHCb, BaBar and Belle collabo-
rations, mainly in the observables RK(∗) and RD(∗) which
appear to depart from the SM predictions, as well as
all electroweak and flavor observables and universality
tests as e.g. τ → µνν¯, in a model where the Higgs hier-
archy problem is naturally solved by means of a warped
extra dimension. We have found that the relevant vari-
ables are the set (r, cbL , cτL ), where the parameter r was
defined as r = (V∗uL )32(VdL )33/Vcb, and cbL and cτL char-
acterize the degree of compositeness of bL and τL re-
spectively. We have seen in the previous sections that
the values r > 1 are preferred by experimental data, and
we have presented some detailed analysis for r = 2.3
where the third generation of fermion doublets, bL and
τL, is required to show a certain degree of composite-
ness. The general analysis in the volume (r, cbL , cτL )
is presented in Fig. 8 where the allowed region at the
95% CL is shown. The maximal region for the param-
Figure 8: Region in the (r, cbL , cτL ) volume that accommodates all
experimental data and electroweak and flavor constraints.
eters is given by the range: 2.2 < r < 2.8, 0.14 <
cbL < 0.28, 0.265 < cτL < 0.33, while the first and
second generation of quarks and leptons are elemen-
tary. These results are in good qualitative agreement
with the hierarchy of quarks and charged lepton masses.
The remaining LFU violation is the anomalous mag-
netic moment of the muon, which deviates from the SM
by ∼ 3.6σ. In the context of warped theories, a solu-
tion was presented in Ref. [27] where heavy vector-like
leptons were introduced. Finally our model predicts,
for any value of the parameters, the absolute ranges at
95% CL for the branching ratios of B→ K(∗)νν¯ as [19]:
1.14 (2.70) . 105B(B → K(∗)νν¯) . 2.55 (5.79), as
compared with experimental bounds (at 90% CL) from
Belle [28] 105B(B → K(∗)νν¯) < 1.6 (2.7), therefore on
the verge of experimental discovery/exclusion!!
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